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Atomistic insights into the dynamics of binary
collisions between gaseous molecules and
polycyclic aromatic hydrocarbon dimers†
Qian Mao,a Juan Zhou,a Kai H. Luo *ab and Adri C. T. van Duinc
Polycyclic aromatic hydrocarbon (PAH) dimers are important intermediates in combustion and soot
formation. The scattering dynamics of gaseous molecules colliding with PAH dimers and the subsequent
PAH dimer stability are investigated by performing molecular dynamics (MD) simulations. Eﬀects of
properties of the surrounding gaseous molecules and PAH dimers as well as temperature are
investigated in this study. Depending on the residence time of N2 molecules trapped by the PAH dimers,
two scattering types, that is, specular scattering and inelastic scattering, have been observed, which is
correlated to the temperature and the type of the PAH dimer. Specifically, specular scattering
preferentially takes place at high temperatures on small PAH dimers, while inelastic scattering tends to
happen at low temperatures on large PAH dimers. During collision, energy transfer between the gaseous
molecule and the PAH dimer changes the thermodynamic stability of the PAH dimer. Statistical analysis
indicates that the decomposition rate of a PAH dimer to PAH monomers is sensitive to temperature and
the PAH dimer type. Furthermore, eﬀects of the gaseous molecule type on the PAH dimer stability are
considered. The molecular mass of the colliding gaseous molecule is a key factor in determining the
PAH dimer stability, as heavier gaseous molecules are more eﬀective in promoting the PAH dimer
decomposition. Results from this study indicate that collisions with gaseous molecules decrease the
PAH dimer stability, while increasing the PAH dimer size and decreasing the collision temperature both
decrease the decomposition rate of the PAH dimer.
1. Introduction
Soot particles formed from gaseous molecules under oxygen-
starved conditions at high temperatures contribute to air
pollution and climate change.1 Substantial understanding has
been gained about the soot formation mechanism in the
following stages: aromatic formation, nucleation, coagulation
and surface growth.2–6 Among these stages, the nucleation
stage that describes the process from gaseous PAH monomers
to condensed nascent soot particles is the least understood.
Conceptually, soot nucleation is typically assumed to stem
from polycyclic aromatic hydrocarbon (PAH) dimerization.4,7
The irreversible dimerization of PAH molecules is widely used
to represent soot nucleation in soot modeling.8 However, both
experimental studies in low-temperature supersonic flows9 and
theoretical studies by molecular dynamics simulations10–12
indicate that the physical dimerization of pyrene only happens
at low temperatures. Later, studies by Thomson and coworkers13,14
proposed a reversible dimerization model by considering the
chemical and physical dimerization of PAHs, which is reported
to have a better prediction of the soot volume fraction, average
primary particle diameter, etc. The above two widely accepted
soot nucleation models both neglect the impact from gaseous
molecules, which are inevitable in experiments and under real
combustion conditions.4,15
Collisions between soot nuclei and surrounding gaseous
moelcules are quite common in combustion, which are also
of great importance to particle formation especially at high
pressures.16,17 Serving as the soot nuclei, PAH dimers should
survive the collision from surrounding gaseous molecules and
be stable enough to grow with other PAH monomers or dimers.
As the collision time between N2 molecules in engines (1600 K,
10 bar) is comparable to the PAH dimer lifetime, Schuetz
and Frenklach18 stated that collisions with gaseous molecules
is suﬃcient for PAH dimers to survive long enough for soot
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nucleation. Nonetheless, the eﬀects of gaseous collisions on
the PAH dimer stability have not yet been established with
certainty. This results partly from the diﬃculty in taking experi-
mental measurements with suﬃcient spatial and temporal
resolutions to detect PAH dimers at low concentrations. From
the aspect of the theoretical study or numerical modeling, the
diﬃculties lie in the lack of a feasible force field description for
interactions between gaseous molecules and PAHs in molecular
dynamics (MD) simulations, and also in high computational
costs of quantum chemistry (QC) calculations. Since higher
peak pressures are becoming the norm in internal combustion
engines, studying the interplay between the gaseous molecules
and soot nuclei is ever more demanding.17,19
The objective of the present study is to provide a better
understanding of the dynamics and kinetics of gaseous mole-
cules colliding with PAH dimers. By performing a series of MD
simulations, the influence of key factors, such as temperature,
PAH dimer type, on the residence time and the scattering
behavior of gaseous molecules is extensively examined.
Furthermore, by quantifying the PAH dimer lifetime with
and without gaseous molecule collisions, a kinetic model is
developed with the aim to incorporate the key parameters that
determine the PAH dimer stability.
2. Methodology
2.1 Simulation method
Binary collisions between gaseous molecules and PAH dimers
are studied by MD simulations through tracing the movement
of atoms. In the current study, a reactive force field (ReaxFF) is
adopted, which includes most species in the periodic table.20
The ReaxFF MD can simulate both chemical reactions and
physical dynamics in large systems with acceptable computa-
tional expense and accuracy.20 The computational cost for the
single point energy calculation is several orders of magnitude
lower than that of DFT calculations.9,11 In the ReaxFF, the
energy calculation is composed of both bonded and non-
bonded components based on the bond distance and bond
order.21 Parameters in the force field are trained against a
series of QC calculations.22,23 The interactions between gaseous
molecules, such as N2, CO, CO2, and PAH dimers in the current
study are described by the C/H/O/N force field given in the ESI.†
This is integrated from the ReaxFF C-2013 carbon parameters22
and parameters of the C/H/O/N force field.23 This force field
has been successfully used to study the thermodynamics and
kinetics of PAHs and is reported to have a good description of the
interactions between the gaseous molecules and PAHs.10,22,24–26
2.2 Computational setup
Before studying the binary collisions, the PAH dimer is firstly
established. Our previous studies on PAH dimerization and
soot inception have found that the PAH dimer in a stacked
configuration is thermodynamically favored over the T-shaped
one.10,24 Therefore, PAH dimers in stacked configurations are
sampled evenly in time from binary collisions trajectories
reported in our previous study of PAH dimerization.10 Fig. 1(a)
shows the initial configuration of the binary collision with the PAH
dimer placed in the center of a cubic box (70  70  70 Å3). The
initial distance between the PAH dimer and the gaseous molecule
is Ld = 50 Å, which is much larger than the distance of eﬀective
intermolecular interaction. The impact parameter (b) is randomly
selected from 0 to
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
eddimer
p
, where e is the enhancement factor,27
ddimer is the eﬀective diameter of the PAH dimer expressed as,
ddimer ¼
ﬃﬃﬃ
2
p
dPAH ¼ 2dA
ﬃﬃﬃﬃ
nc
3
r
; (1)
where dA denotes the size of a single aromatic ring and equals
1:395
ﬃﬃﬃ
3
p
A˚ and nc is the number of carbon atoms in a PAH
monomer.28 To achieve statistical significance, 1000 independent
binary collision trajectories are studied at each temperature. The
rotational energy (Erot) of the PAH dimer is randomly added in
three dimensions according to the equipartition of energy. Relative
translational velocities between the gaseous molecule and the
PAH dimer are given to the gaseous molecules, which are in the
Gaussian distribution of each temperature. In a real combustion
system, collisions between gaseous molecules and PAH dimers
happen at any orientation. Therefore, the collision angle (y) is
randomly sampled from the three dimensions. Gaseous molecules
such as N2, CO, CO2 are diatomic and polyatomic. The bonds in
these molecules are treated as a harmonic oscillator. Fig. 1(b)
summarizes the initial configurations of the 1000 independent
binary collisions between N2 molecules and pyrene dimers at
400 K. The arrows represent the collision orientations and relative
collision velocities between gaseousmolecules and the PAH dimer.
The initial coordinate of the PAH dimer is the same for all
the cases. MD simulations of the above binary collisions are
performed adiabatically using a microcanonical ensemble (NVE)
with a time step of 0.1 fs and last for 1  106 iterations, which
accounts for a total simulation time of 100 ps. By solving the
Newton’s equations of motion with the ReaxFF, trajectories and
velocities of the atom and molecules are given over time. MD
simulations are performed using the large-scale atomic/molecular
massively parallel simulator (LAMMPS) package29 implemented
with reax/c. Snapshots and movies in this study are prepared by
Ovito.30
Experimental studies have indicated that the PAHs of
naphthalene (A2), pyrene (A4) and coronene (A7) are typical
precursors for soot inception.4 So PAH dimers formed from the
Fig. 1 (a) The initial configuration and setup for the binary collision
between a gaseous molecule and a PAH dimer. (b) A summary of the
initial configurations and the collision orientations of 1000 independent
binary collisions between the gaseous molecule and the PAH dimer.
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above three types of PAHmonomers are selected for the current
study. The mean collision time (%t) between a gaseous molecule
and a PAH dimer is calculated from the mean free path (l) and
the mean velocity (n),31
t ¼ l=v ¼ kBTﬃﬃﬃ
2
p
pd2P
, ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
8kBT
pm
r
; (2)
where kB is the Boltzmann constant, T is the temperature, P is
the pressure, m is the reduced mass expressed as m = mdimermgas/
(mdimer + mgas), and the collision diameter is d = (ddimer + dgas)/2.
Based on our previous study of PAH dimerization,10 percentage of
the PAH dimer with lifetime exceeding the mean collision time
between the N2 molecule and PAH dimer is presented in Fig. 2,
which decreases with increasing temperature and decreasing
dimer size. At 1 atm, some coronene dimers survive longer
than the mean collision time from 400 to 1600 K. While for
naphthalene, only when the temperature decreases to 400 K,
the dimer lifetime exceeds the mean collision time. Therefore,
to reveal the scattering behavior of gas molecules and the PAH
dimer stability, MD simulations are performed for PAH dimers
whose lifetimes are longer than the mean collision time.
Besides, eﬀects of the combustion products, such as CO and
CO2, are additionally considered in the current study and listed
in Table 1.
3. Results and discussion
Based on the above simulation method and setup, Section 3.1
presents the dynamic trajectories of the collisions between the
gaseous molecule and the PAH dimer at diﬀerent temperatures.
A quantitative study of the residence time and the scattering
behavior of gaseous molecules on PAH dimers is provided in
Section 3.2. And finally, Section 3.3 focuses on the eﬀects of
temperature, gaseous molecule type on the PAH dimer stability.
3.1 Dynamics of binary collision
Dynamics of gaseous molecules colliding with the PAH dimer
and the subsequent dimer behaviors are investigated at diﬀerent
temperatures. Firstly, spatio-temporal evolutions of the binary
collision events are monitored according to the molecule
trajectories. The collision trajectories of a N2 molecule colliding
with the coronene dimer with diﬀerent collision velocities and
orientations at 400 K are shown in Fig. 3(a and b), while those at
1600 K are shown in Fig. 3(c and d), respectively. In Fig. 3, the
movement directions and the mass center trajectories of the
N2 molecules and PAH dimers are indicated in the snapshots.
Moreover, Fig. 4 shows the changes in the translational, kinetic,
potential and total energies of the N2 molecules during collisions
with PAH dimers shown in Fig. 3(b and d).
Firstly, the binary collision at a low temperature, e.g., 400 K,
is discussed. According to the collision trajectories shown in
Fig. 2 Percentage of the PAH dimer with lifetime exceeding the mean
collision time at (a) 1 atm, (b) 10 atm and temperatures from 400 to
2000 K.
Table 1 Overview of the initial settings for binary collisions
Type PAH dimer
Gaseous
molecule
Temperature
(K)
No. of binary
collision (#)
1 Naphthalene N2 400 1000
2 Naphthalene CO 400 1000
3 Naphthalene CO2 400 1000
4 Pyrene N2 400 1000
5 Pyrene N2 600 1000
6 Coronene N2 400 1000
7 Coronene N2 600 1000
8 Coronene N2 800 1000
9 Coronene N2 1200 1000
10 Coronene N2 1600 1000
11 Coronene CO 1600 1000
12 Coronene CO2 1600 1000
Fig. 3 Trajectories of the binary collision between the N2 molecule and the
PAH dimer at varied temperatures ((a and b) T = 400 K; (c and d) T = 1600 K).
The red and green lines represent the mass center trajectories of the N2
molecule and PAH dimer, respectively. Snapshots are recorded with the time
evolution. Time and the position of N2 are recorded in blue and those of the
PAH dimer or PAH monomers are in black. Blue, grey and white spheres
represent nitrogen, carbon and hydrogen atoms.
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Fig. 3(b) and the energy evolutions in the upper panel of Fig. 4,
the translational energy of the coronene dimer is zero before
collision and the N2 molecule moves towards the coronene
dimer with its initial translational velocity. Afterwards, the
translational, kinetic and total energies of the N2 molecule
increase upon collision, while the potential energy decreases
slightly because of the intermolecular interactions between the
N2 molecule and the PAH dimer. And then, the N2 molecule
diﬀuses randomly on the PAH dimer surface as indicated by the
irregular curved mass-centered trajectories in Fig. 3(b). After
adsorption, the N2 molecule continuously exchanges energy
with the PAH dimer as indicated in the fluctuations of the
energy profiles. The diﬀusion duration of the N2 molecule on the
PAH dimer is named the residence time,32 which is evaluated
from the adsorption and desorptionmoments as demonstrated in
Fig. 4. Although the initial translational collision velocity for the
event shown in Fig. 3(a) is similar to that in Fig. 3(b), diﬀerence in
the collision orientation leads to greatly diﬀerent residence time
of N2 molecules. That is, the residence is about 3.25 ps for event
(a) and as long as 21.25 ps for event (b). Subsequently, the N2
molecule desorbs back from the PAH dimer through gaining
energies from the PAH dimer as indicated by the increase in the
total energy as well as the translational and kinetic energies.
Afterwards, the N2 molecule travels in the gas phase at a constant
translational energy. The periodic fluctuations of the kinetic and
potential energy profiles in Fig. 4 result from the harmonic
vibration of the N atom in the N2 molecule, that is, the transfer
between the kinetic component and the potential component in
the N2 molecule. Due to the momentum and the energy transfer
during binary collision, the translational velocity of the PAH
dimer is initiated after N2 collisions and the dimer travels as
indicated by the mass center trajectories shown in green colour.
Compared to the binary collision at 400 K, behaviors of the
N2 molecule and PAH dimer at 1600 K are completely diﬀerent
as shown in Fig. 3(c and d). The energy profiles of the N2
molecule from binary collision shown in Fig. 3(d) are calculated
and presented in the bottom panel of Fig. 4. After collision, the
translational and kinetic energies of the N2 molecule increase,
while the total and potential energies decrease. The residence
time of the N2 molecule on the PAH dimer surface is much
shorter compared with that at low temperatures as it reflects
back simultaneously from the PAH dimer after collision.
According to the energy profiles, the translational energy of
the N2 molecule after reflection almost remains the same as
that before collision. The behavior of the N2 molecule in this
case can be termed as specular scattering as it looks like rigid
body collisions.16 Due to energy transfer between the N2
molecule and the PAH dimer after collision, the total energy
of the N2 dimer is smaller than that before collision. This
consequently leads to the increased total energy of the PAH
dimer as the binary collision is performed in the NVE ensem-
ble. Another interesting phenomenon is that the PAH dimer
stability decreases after N2 collision as the PAH dimer decom-
poses into its monomers, which is indicated by the PAH
trajectories shown in Fig. 3(d). Compared to the binary collision
event shown in Fig. 3(c), it seems that the PAH dimer is much
less stable when the N2 molecule collides on the inter-layer
space between the PAH dimer than on the planar surface of the
PAH dimer even at a lower collision energy. Similar behaviors
of adsorption, reflection and even dissociation are commonly
present in collision systems, such as the Au atom and Au
cluster reported by Yang et al.17
3.2 Gas-PAH dimer scattering
As discussed in Section 3.1, temperature is an important factor
in determining the scattering behaviors of the N2 molecule.
Therefore, quantitative study on its relation with the tempera-
ture is performed in this section. The scattering behavior is
classified by the residence time of the N2 molecule trapped in
the PAH dimer after collision. Firstly, the temperature eﬀect
on the residence time of a N2 molecule is examined. Fig. 5
shows the percentage distributions of the residence time of N2
molecules on the coronene dimer from 400 to 1600 K. Globally,
the residence time distribution of the N2 molecule narrows with
increasing temperature. That is, it ranges from 0 to more than
50 ps at 400 K, while it decreases to the range of 0–12.5 ps at an
elevated temperature of 1600 K. According to Grancˇicˇ et al.,32
the residence time of N2 molecules on the soot particle in the
first bar is regarded as specular scattering, which is not strictly
specular but close to it as the collision trajectories show in
Fig. 3(d). It is noticeable that the number of N2 molecules
within the first bar increases with increasing temperature. This
demonstrates that the N2 molecules are more likely to take
specular scattering during binary collision as temperature
increases. However, few N2 molecules can permanently get
absorbed in the coronene dimer based on our current study
from 400 to 1600 K. The inelastic scattering is an intermediate
state between the permanent absorption and the specular
Fig. 4 Total, potential, kinetic and translational energy profiles of the
colliding N2 molecules. The top and bottom panels show the results of
the binary collisions of Fig. 3(b and d), respectively.
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scattering as presented in Fig. 3(a and b). Thus the percentage
of the inelastic scattering can be regarded as the sum of the
rest of the grey bars. Opposite to the percentage of specular
scattering, that of the inelastic scattering decreases with
increasing temperature. The mean residence time (htresi) of
N2 molecules on the coronene dimer at each temperature is
calculated and shown as the red line. Apparently, the mean
residence time of N2 molecules on the coronene dimer is
4.381 ps at 400 K, and it decreases dramatically to 1.028 ps as
the temperature increases to 1600 K. This means that the PAH
dimer has higher adsorption ability at low temperatures,
while it can hardly host the N2 molecules at high temperatures.
Based on the energy profile shown in Fig. 4, the behavior of N2
molecules in the PAH dimers can be quantified by DEpot/kbT,
16
where DEpot is the intermolecular interaction between the N2
molecule and the PAH dimer, and kb is the Boltzmann con-
stant. Since the system of the PAH dimer and the N2 molecule
has higher thermal fluctuations at high temperatures, it prevents
the adsorption of gaseous molecules. The behavior of the N2
molecule on the PAH dimer is similar to that of N2 collision with
Ag clusters16 as the absorption tendency gets weaker at a higher
temperature.
Now, the characteristic eﬀects of the PAH dimer on the
scattering behavior of the N2 molecule are investigated. Fig. 6
shows the percentage distribution of the residence time of N2
molecules on the naphthalene and pyrene dimers at 400 K.
Combined with the result of N2 molecules on the coronene
dimer at 400 K in Fig. 5, it is found that the range of the
residence time of N2 molecules is wider on the coronene dimer
and it narrows with decreasing size of the PAH dimer. The
mean residence time of N2 molecules on the PAH dimer
decreases with increasing PAH dimer size. That is, the mean
residence time decreases from 4.381 ps on the coronene dimer
to 2.738 ps on the naphthalene dimer at 400 K. This illustrates
that a larger PAH dimer has higher possibility to trap the
gaseous N2 molecules. Moreover, this also indicates that the
percentage of the inelastic scattering of N2 molecules increases
with increasing PAH dimer size. The behavior of the N2
molecules on the PAH dimer agrees well with the N2 collision
on Ag clusters as the specular-to-inelastic scattering transition
shifts to larger particle sizes.16
3.3 Stability of PAH dimers
As demonstrated in Fig. 3, binary collisions between the N2
molecule and the PAH dimer lead to the decrease in the PAH
dimer stability as some of the dimers fall apart into PAH
monomers after N2 collisions. To quantify this eﬀect, the life-
time of the PAH dimer after the gaseous molecule collision is
evaluated. Specifically, the rate of PAH dimer decomposition
after collision with a gaseous molecule is expressed by:
ðPAHÞ2 !gas molecule PAHþ PAH; (3)
R ¼ d ndimer½ 
dt
¼ k ndimer½ ; (4)
where ndimer is the number of the PAH dimers, k is the rate
of dimer decomposition after gaseous molecule collision.
Relation between ndimer and its lifetime t follows an exponential
expression:
ndimer
n0
¼ expðk  tÞ; (5)
where n0 is the total number of PAH dimers before gaseous
molecule collision. In order to explore the eﬀects of gaseous
molecule collision on the PAH dimer stability, the lifetime of
the PAH dimer with and without gaseous molecule collision is
compared by varying the gaseous molecule type, temperature
and PAH dimer. Firstly, eﬀects of temperature are investigated.
Fig. 7 shows the ratio of the number of coronene dimers to the
total number of gaseous molecule collisions (ndimer/n0) with
respect to the dimer lifetime as well as the dimer decomposi-
tion rates at diﬀerent temperatures. Apparently, the ratio of the
coronene dimer after collisions with the N2 molecule at 400 K is
mostly constant with its lifetime. This illustrates that no coronene
dimer falls apart into monomers after N2 collisions within the
simulation duration. As the temperature increases to 800 K,
the ratio of the coronene dimer (n/n0) decreases slightly with the
lifetime. Then, it decreases much quicker when the temperature
increases to 1200 K and even 1600 K. The decomposition rate of
Fig. 5 Percentage distributions of the residence time of N2 molecules
with the coronene dimer at temperatures from 400 to 1600 K.
Fig. 6 Percentage distributions of the residence time of N2 molecule after
colliding with naphthalene and pyrene dimers at the temperature of 400 K.
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the PAH dimer into PAH monomers is extracted from the slope of
the curve in Fig. 7(a) and illustrated in Fig. 7(b), which indicates
that temperature has a significant impact on the stability of the
PAH dimer at high temperatures. In addition, eﬀects of the
gaseous molecules of CO and CO2 on the coronene dimer stability
at 1600 K are also studied and compared against that of N2
molecules in Fig. 7. It is found that the profile of the ratio of
the coronene dimer to its lifetime after the collision with CO
molecules mostly coincides with that of collision with N2
molecules, while that of collision with CO2 molecules is much
quicker. This correspondingly means that the heavier the
colliding gaseous molecule, the quicker the decomposition of
the PAH dimer into PAH monomers.
Finally, the eﬀect of the PAH dimer characteristic is studied
at 400 K and the results of the ratios of the number of PAH
dimers to the total number of binary collisions with respect to
the lifetime are presented in Fig. 8. It is noteworthy that the
PAH dimer stability after collision with gaseous molecules is
sensitive to the PAH dimer characteristic. Specifically, for N2
collision with diﬀerent PAH dimers, the decomposition rate of
the PAH dimer decreases dramatically with increasing PAH
size. That is, the coronene dimer is relatively more stable
compared to the pyrene and naphthalene dimers after N2
collisions at the same temperature, which results from the
stronger binding energy between coronene monomers. In
addition, the eﬀect of the gaseous molecule type is considered.
It is quite similar to the results for coronene PAHs at 1600 K in
Fig. 7 as heavier colliding gaseous molecules are more likely to
break the naphthalene dimer into naphthalene monomers.
According to our previous studies on the nascent soot
morphology,24 it is found that above 400, 600 and 800 K, PAHs
of naphthalene, pyrene and coronene cannot physically stack
into nascent soot particles, respectively. Therefore, by inte-
grating the eﬀects of gaseous molecules, it can be concluded
that gaseous molecule collisions may further decrease the
possibility of PAH dimerization and formation of nascent soot
particles in stacked configurations.
4. Conclusions
This paper presents a systematic study on the binary collision
between the surrounding gaseous molecules and the PAH dimer
by MD simulations. Key parameters, such as temperature, and
properties of the PAH dimer and the gaseous molecule, are
examined to clarify their influence on the scattering mechanism
of the gaseous molecule on the PAH dimer and the PAH dimer
stability. By analyzing the binary collision trajectory, the energy
profile and the residence time of the gaseous molecule, it is
found that the N2 molecules are more likely to result in specular
scattering at elevated temperatures, while the possibility of
inelastic scattering decreases as the temperature increases or
the dimer size decreases. Moreover, few N2 molecules can
become permanently absorbed on the coronene dimer even
at 400 K. Because of the energy transfer during the binary
collision, the increase in the energy of the PAH dimer results in
decreasing the PAH dimer stability compared to the situation
without gaseous molecule collisions. The decomposition rate of
the PAH dimer due to gaseous molecule collision is calculated
and found to increase with increasing temperature. Moreover,
larger PAH dimers are much more stable than smaller PAH
dimers during collisions with N2 molecules. In addition to N2
molecules, the eﬀect of the gaseous molecule type on the PAH
dimer stability is also considered by including other molecules
Fig. 7 (a) Ratio of the number of the coronene (A7) dimers to the total
number of gaseous molecule collisions (n/n0), and (b) the decomposition
rate of the coronene dimer under collisions with gaseous molecules
(N2, CO and CO2) from 400 to 1600 K.
Fig. 8 (a) Ratio of the number of the surviving naphthalene, pyrene and
coronene dimers to the total number of gaseous molecule collisions
(n/n0), and (b) the decomposition rate of the PAH dimer, under collisions
with gaseous molecules (N2, CO and CO2) at 400 K.
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such as CO and CO2, which indicates that the mass of the
colliding gaseous molecule is important for the PAH dimer
stability. That is, CO2 has a higher possibility to lead to PAH
dimer decomposition, and the eﬀect of CO is quite similar to
that of N2. The present study demonstrates that collisions with
N2, CO or CO2 molecules lead to decreased stability of the PAH
dimer, while increasing the size of the PAH dimer or decreasing
the collision temperature tends to decrease the decomposition
rate of the PAH dimer.
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